Abstract Background/purpose: Molar-Incisor-Hypomineralisation (MIH) is the term used to depict a condition in which one or more of the permanent molar teeth and usually no less than one incisor tooth is hypomineralised and the prevalence rates vary from 2.4 to 40.2%. The aim of this study was to assess the prevalence and the risk factors of MIH in children in Istanbul, Turkey. Materials and methods: A total of 1511 (760 M, 751 F), 8-to 11-year-old children were examined who had their first permanent molar and incisors evaluated using the EAPD criteria for MIH. Hypomineralized molars and incisors were recorded based on developmental defects of enamel index. The potential aetiological factors were retrieved through personal interview and etiological questions were asked to the parents. Statistical analysis was performed with a chi-Square test. Results: MIH was observed in 215 (14.2%; 102 male, 113 female) children. The sample (1511 children) comprised 71 (9.9%) 8 year-olds with MIH and 144 (18.2%) 11 year-olds with MIH. A significant difference was found between 8 (9.9%) and 11-year-old (18.2%) children with MIH (p 0.001). Complications during the mother's pregnancy, birth prematurity, average breast feeding period, diarrhea frequency, digestive system diseases, asthma, frequent high fever, ear infection, renal failure, rubeola, chickenpox and parotitis were found to be significantly associated with MIH (p < 0.001). Conclusion: There are many events that can cause MIH which we cannot control or predict. Therefore, longitudinal studies with large sample size are needed so as to determine how various likely etiological factors described affect the etiological role.
Introduction
A damage in the enamel organ during amelogenesis may create some changes in the tooth enamel. 1 These changes, called developmental defects of enamel (DDE), are noticeable, as the tooth enamel looses its usual translucent character. The 15th gestational week is the beginning of the amelogenesis stage for the primary teeth, which concludes its growth a year after birth (second primary molar).
1,2 10%e49% of healthy children in advanced countries have DDE in primary dentition and 9%e63% of them have DDE in permanent teeth, as studies reported. 1 Enamel defects are linked to many hereditary, acquired, systemic and local aetiological factors.
1, 3e7 Genetic variation can affect the caries susceptibility, size, shade, shape, and enamel microhardness, as genetics rigidly determines the formation of enamel during amelogenesis stage. 8 Maturation stage of development is affected and may determine the different kinds of enamel defects. Occurring in the secretory phase of amelogenesis, the reduction of enamel thickness results in the dental defect called enamel hypoplasia. Enamel hypomineralization, a condition causing enamel opacities can be the result of the affected ameloblasts in the late amelogenesis stage of mineralization or maturation. 3, 9 Environmental and systemic factors may affect amelogenesis, even though it is controlled by the genes. When the defects occurs in the secretory stage, the outcome is generally enamel hypoplasia, while the defects in the maturation stage results in enamel hypomineralisation. 8 "Molar incisor hypomineralisation" (MIH) is a dental defect caused by a common pattern of enamel hypomineralization affecting molar and incisor teeth. 3,8,10e15 A number of terminologies (hypomineralised first permanent molars (FPMs), idiopathic enamel hypomineralisation, nonfluoride hypomineralisation, internal enamel hypoplasia, and cheese molars) have been used to define MIH. 6, 11, 16, 17 Mostly linked with affected incisors, if one or more permanent first molars are disturbed in the initial phase of enamel maturation causing a specific abnormality, it is called MIH even though the cause of MIH has been associated with numerous pre-and perinatal conditions. 3,14,18e23 A number of medical factors such as prenatal, perinatal, and postnatal illnesses, low birth weight, antibiotic consumption, and exposure to toxins during breast feeding are possible contributors of MIH; yet the aetiology of MIH is not proven. 8, 14, 20, 21, 24, 25 Scientifically, in addition to asymmetric severity, the colour shade of demarcated opacities varies from white to yellow/brownish and there is a clear distinction between the affected and sound enamel. 3,6,8,13,16,19,25e29 MIH may affect enamel in scope from mild to severe. This scope of post-eruptive enamel loss is not regular, though this may be explained by post-eruptive enamel breakdown in first permanent molars, caused by the occlusal load of mastication. 8, 16, 18, 25, 29, 30 In comparison to anterior teeth, molars are more likely to have post-eruptive breakdown. 6, 25, 27, 29, 30 There is an enormous variation reported in the prevalence rate of MIH in various countries. Most of the literature based in Europe report that the prevalence rates vary from 2.4 to 40.2% 11,14,19,20,23,26e28,30e41 and there are fewer studies on primary teeth. 11, 16, 20, 42, 43 The purpose of this study was to estimate the prevalence and analyze the potential etiological factors of MIH in school-aged children in Istanbul, Turkey.
Materials and methods
The study received approval from the Ethics Committee of Istanbul University, Medical Faculty (No: 2009/2973-113) and was carried out in agreement with the Declaration of Helsinki principles. The written authorization of consent was provided by every parent or caretaker in the name of both themselves and their children.
Subjects examination
For balanced distribution, 10 urban areas were selected as layered in accordance with the population density from the 39th province of Istanbul. Ten of the 524 elementary schools affiliated to Republic of Turkey Ministry of National Education in these regions were numbered and selected randomly with draw. Meaningful sampling size were found at least 1424 samples that statistically calculated with a margin of error of 2.5%, a confidence level of 95%, and a significance level of 0.05, a power level 90%.
The study population comprised of 1511 children (8 and 11 years old) had their FPMs and incisors (index teeth) analyzed within the scope of the European Academy of Paediatric Dentistry (EAPD) criteria for MIH. 32, 36 The optimal age of the 8-year-old group of children whose teeth were still in place to observe the initial state of the defect and 11-year-old children in order to understand the extent to which the factors affect the severity of the defect were included in the study. Two calibrated pediatric dentist (MK, EBT) carried out dental examinations. Intra-examiner calibration was performed by repeating examinations of 100 children after an interval of 1 week. Kappa values for intraexaminer consistency were 95.5% for teeth with MIH.
The examination of children for MIH was performed in a school with normal day lighting. The children sat upright on a chair during examination. The dentists got the teeth wet and used a dental mirror and dental probe to get rid of food debris if needed. Every tooth (4 FPM and 8 incisors) was evaluated in accordance with EAPD criteria to diagnose MIH, there should be at least one affected first permanent molar and incisor (Fig. 1) .
Evaluation criteria A) questionnaire
The potential aetiological factors were assessed with a questionnaire comprised of 19 questions and were sent to parents/caretakers in addition to the study consent form. A total of 1511 questionnaires were completed and returned. The questionnaire contained following sections:
(1) Demographic data (child's age, gender, place of birth), (2) Whether the mother was healthy or taking any medicines during pregnancy, how was the baby delivered, whether there were any complications during or before childbirth and child's birth weight. (3) Average breastfeeding period (4) Child's medical history of first four years (diarrhea, digestive system diseases, asthma, pneumonia, respiratory tract infections, tonsillitis, pharyngitis, frequent high fever (!39 C), otitis media, chronic renal failure, urinary infections and childhood diseases as a rubella, scarlet fever, chickenpox).
Evaluation criteria B) clinical examination
Demarcated opacity A defect that changes the translucency of the enamel, variable in degree. The defective enamel is of normal thickness with a smooth surface and can be white, yellow or brown opacities. The demarcated opacity is not caused by caries, ingestion of excess fluoride during tooth development or amelogenesis imperfecta etc., and/or Post-eruptive enamel breakdown A defect that indicates mild to severe structure enamel loss after eruption of the tooth, e.g. hypomineralisation related attrition. Enamel loss due to erosion was excluded, and/or
Atypical restoration
The size and form of the restoration do not match the present caries distribution in the child's mouth. E.g. amalgam, composite, glass ionomer and crown restorations.
Extracted molar due to MIH While the presence of major opacities or atypical restorations in other permanent first molars, missing of permanent first molar suggests the possibility of MIH induced attraction. The extraction of incisors in MIH is not a common occurrence.
Unerupted
The first permanent molar or the incisor to be examined are not yet erupted.
Statistical analysis
The data accumulated were evaluated statistically using the MedCalc 11.6.0.0 version and the data were subjected to Chi-square test and multivariable regression analysis after Benferroni corrections. A descriptive analysis of the prevalence and distribution of the clinical recordings were performed. The 95% confidence intervals were calculated for prevalence. A p value of <0.05 was considered statistically significant.
Results
A total of 1511 (760 M, 751 F), 8-to 11-year-old (719 of 8 years old; 792 of 11 years old) children were examined. MIH was observed in 215 (14.2%; 102 male, 113 female) children. The sample (1511 children) comprised 71 (9.9%) 8 year-olds with MIH and 144 (18.2%) 11 year-olds with MIH. No significant difference was found between gender and MIH. However, a significant difference was found between 8 (9.9%) and 11-yearold (18.2%) children with MIH (p 0.001). There was a higher prevalence in the older age group (Table 1) .
When detailing the distribution of defects according to age and gender, no significant difference was found between gender and defects whereas a significancy was found between age and defect presence (p 0.001) ( Table 2) .
Among the affected teeth, the majority of the defects presented were demarcated white/creamy and yellow/ brown type opacities. When the distribution of defect scores evaluated according to tooth numbers in affected group, it was noted that dental restorations were not common and tooth loss was only on permanent molars. As a treatment option, glass ionomer and crown restorations were not applied in affected children. Also there were no incisors' missing because of MIH presence (Table 3 ). Results of etiological factors are given in Table 4 . Complications during the mother's pregnancy, birth prematurity, average breast feeding period, diarrhea frequency, digestive system diseases, asthma, frequent high fever, ear infection, renal failure, rubeola, chickenpox and parotitis were found to be significantly associated with MIH (p < 0.001). Similarly, birth weight, pneumonia, lower respiratory tract and throat infections, urinary tract infections rubella and scarlet fever were not linked with MIH etiology (p > 0.001) ( Table 4) , Logistic regression analysis was applied by Forward LR method. Dependent variable MIH (þ), (À), independent variables were taken from p < 0.05 among the variables in Table 4 and the analysis was completed in step 6. According to these results birth prematurity, diarrhea frequency, digestive system diseases, renal failure, rubeola and chickenpox were found to be significantly associated with MIH (Table 5 ).
Discussion
The results of this study demonstrate that MIH prevalence is 14.2% in Istanbul, Turkey for children living in Istanbul, therefore it may be concluded that it is a common condition. The different studies show different results for prevalence rate of MIH. In Table 6 , different country and city's scores regarding MIH is summarised. The differences between results may be because of the methodological differences (different birth cohorts in different studies, recruitment of population or convenience samples), irregular methods of clinical examination and differences in the ethnicity and age groups. The percentages and methodological informations for MIH examinations were nearly similar to previously published systematic review studies. 44 Another important fact is that in the previous studies which were carried out before the EAPD policy document's publication, numerous phenotypes of MIH were included. 45 The study conducted in India showed that the prevalence of MIH was 0.48%. 10 In another study from Hong Kong, the prevalence of MIH was 2.8%. 26 These rates are lower than other studies. The reason for this might be the different ethnic and age groups that had been examined and the time it had been conducted. On the other hand, this study was on the same page with other studies in gender respect as girls and boys were affected almost equally. 13,19e22,25,26,28,42,46e50 In this present study, there was not an significant difference between males and females with MIH.
In Brazil, there was a 40.2% prevalence between the ages of 7 and 13 in a study conducted by Soviero et al. 27 This study represents the highest prevelance in the studies that have been conducted in the literature and demonstrates how one should take into account distribution and the degree of the defect for the different regions of Brazil. 27, 51 The reason for this is because of the use of different indices and criteria, examination variability, methods of recording, and different age groups.
The optimal age of the 8-year-old group of children whose teeth were still in place to observe the initial state of the defect and 11-year-old children in order to understand the extent to which the factors affect the severity of the defect were included in the study. A significant difference was found between 8 (9.9%) and 11-year-old (18.2%) children with MIH in the present study. It maybe relevant delayed eruption. In every child, all maxillary and mandibular permanent incisors and molars can not be completed at 8 years of age. It can be important for MIH diagnosis at older ages. In 2013, Sonmez et al. examined the large group, 4049 children between 7 and 12 years old (2029 girls, 2020 boys) in Ankara, Turkey. 7.7% of the group showed MIH. In children younger than 4 years old, prematurity (7%), gastrointestinal problems (3.9%), pneumonia (6.3%), frequent fever (26.1%), measles (14.7%), and chickenpox (29.3%) were linked to MIH. 8 The same year, another study was conducted in Samsun which is located north of Turkey. Tunc et al. examined 105 children (59 girls, 46 boys) aged between 7 and 11 years with severe MIH, and 105 healthy children in the same age and sex groups.There was not any important difference between MIH and healthy groups but demonstrated that MIH patients' dental development was more advanced than the healthy group. 18 Another study in Turkey, Istanbul was reported by Kuscu et al., in 2009. The study aimed at discovering the prevelance of MIH in children from a region which has the most industrialization and pollution, and from an island with green energy. There were 153 children examined for MIH prevalence (109 from industrialized area, 44 from island with green-energy). There was 9.1% prevalence in the island, while 9.2% was in the industrialized area.The study claimed there is no relation between environmental factors and MIH prevalence. 52 Our study was also conducted in Istanbul, the largest and most cosmopolitan city of Turkey, has a population of 15 millon. Our study has 1511 samples and reflects the biggest population for MIH incidence in Istanbul.
Some of the recent studies focused on the possible determinants such as medical problems in the period of prenatal, perinatal and postnatal; oxygen shortage in ameloblasts, dioxin in breast milk, respiratory infections, medicine use of the child or their treatment with antibiotics and exposure to environmental pollution during the first years of life. 24, 25, 43, 52 The causes of MIH are a mix of these factors and/or the factor is present during the enamel formation. 53 On the other hand, recent genetic studies report that MIH is a multifactorial disturbance. The maturation period of tooth enamel that is commonly affected by MIH corresponds to the last trimester of pregnancy to the third year of a child's life, and it is possible that genetic variation may somehow interact with environmental factors. 3 The hypothesis is that genetic variation in ENAM and AMELX genes may cause localized form of enamel hypomineralization. 3, 9 Genetic factors which affect only dental enamel may play a role in enamel defects, or a more general systemic syndrome may cause them. 1, 9 There is no clear association between antibiotic use and MIH. It cannot be confirmed if the disease or the drug is the cause of association, as antibiotics are mostly used with upper respiratory infections. 24 Enamel hypomineralisation may be caused by some factors which can also influence the enamel formation as demonstrated by animal experiments on high fever, dioxin exposure and the use of antibiotics (amoxicillin). Elfrink et al., reported that use of antibiotics, anti-allergic or anti-asthmatic medicines during pregnancy were not associated to Deciduous Molar Hypomineralisation-(Hypomineralised Second Primary Molars) (DMH eHSPM). Also Elfrink et al. reported that the enamel hypomineralisations in HSPM are similar to those observed in MIH in the permanent dentition. 43 Kuscu et al.'s findings are parallel to that view as there was no clinically visible link between MIH and amoxicillin in their animal study. In contrast, Laisi et al. (5) 28 (13) (100) indicated that one of the factors leading MIH is the early use of amoxicillin. 54 In the present study, we revealed that it is unclear if the MIH connection was a result of the disease, or the drugs used for treatment of the disease.
In theory, ameloblastic activity during enamel mineralization can be highly affected when health conditions such as asthma or adenoid infections were reported. These diseases influence it directly or indirectly with their symptoms including hypoxia, hypocalcaemia, fever, and/or malnutrition. Hypoventilation in many respiratory diseases such as asthma or adenoid infections may cause respiratory acidosis and abnormal oxygen levels, which affect the enamel matrix pH as demonstrated by the experiments. These conditions lead to enamel hypomineralization since they obstruct the action of the proteolytic enzymes and the development of the crystal hydroxyapatite. Ameoloblasts can be affected similarly which can explain the risk factor of asthma to MIH. 6 In this study, asthma, high fever, ear infection, renal failure, rubeola, chickenpox and parotitis were found to be extremely associated with MIH.
Allazzam et al. reported that MIH was statistically associated with adenoiditis, fever, frequent tonsillitis, asthma, frequent antibiotics intake, child's positive medical history. No association is found between MIH and histories of birth prematurity, birth complications, low birth weight, or breast feeding duration. 6 On the contrary, Elfrink et al. found that children with normal birth weight appears to have less risk for enamel defects in the primary dentition than the children with low birth weight, as it is more possible for them to have connection with other likely causes associated with maternal health status for enamel defects. 43 In this present study, asthma, high fever, and some of medical infections were found to be significantly associated with MIH. However, low birth weight, urinary infections were not associated. This was also in agreement with what Allazam et al. found in their studies. They discovered no association between MIH and breast feeding duration and preterm birth. The reason for these difference may be different age groups in different populations.
In a review published in 2009, Crombie et al. chose 53 articles to review from 1123 articles which they examined in the database. These included different possible aetiological factors, some of which were arranged as a group for convenience. They showed that the data were moderate if polychlorinated biphenyl/dioxin exposure affect MIH; nutrition, birth and neonatal factors, and acute or chronic childhood illness/treatment role's evidence was not strong and the role of fluoride or breastfeeding's evidence was also very weak. 55 They concluded that current evidence for the aetiology of MIH is not enough, and strategies are advised to enhance the strength of future studies.
Similar to the present study, Mittal et al., reported MIH prevalence and defect aspects of MIH for school children (1792, 6e9 year old) in Northern India region in 2014. A prevalence of 6.31% was reported. They also found that FPMs were more commonly influenced than permanent incisors and white/creamy opacity without post-eruptive breakdown was the most common lesion in accordance with the present study. 16 MIH teeth are more likely to develop caries as a result of the enamel hypomineralisation, greater porosity of the tooth structure and, as a consequence, its lower mechanical resistance. 43, 53, 56 Just like the child having caries, MIH causes hot and cold sensitivity for the affected teeth, even without caries. 30, 57 Defective molar teeth may be more in need of dental treatment as they are more prone to plaque accumulation and dental caries. Alteration of the prismatic morphology in the porous enamel causes difficulty in bonding to enamel, which leads to repeated treatment with constant loss of fillings. 6, 51 On the other hand, a reduction in mineral density at microscopic level was observed by X-ray microtomography. 24 More dental treatments are performed on the children with affected molars than those with no affected molars and an important amount of teeth ultimately necessitate extraction. 6 Because of the MIH, tooth extraction in the molar teeth was rarely observed in this study.
Although these studies had some limitations such as bias of parents' answers, the present study demonstrates that MIH is a difficulty in existence. Special attention should be given to determine if particular health conditions are present and affected the prevalence of MIH. It is important that children with MIH should be diagnosed and monitored since they need to have special treatment. Health professionals and administrators should be aware that regional difference is a factor of MIH prevalence. There are many events that can cause MIH which we cannot control or predict. Therefore, longitudinal studies with large sample size are needed so as to determine how various likely etiological factors described affect the etiological role. These studies would be more valuable when the biological mechanisms which cause this enamel defect are determined.
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